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Quanti tat ive trait loc i ( Q T L ) have been ident i f ied for
drought tolerance of grain y ie ld in pearl mi l le t (Yadav et
al . 1999 and 2002). Marker-assisted selection ( M A S ) is
being used to develop improved parental l ines by
introgression of Q T L s into a homozygous inbred l ine
background for the subsequent product ion of improved
hybrids (marker-assisted back crossing), and by transforming
them into topcross pollinator populations that are more
heterogeneous than inbred l ines. Un t i l - and unless - it is
clear ly demonstrated that the incorporat ion of these
QTLs into elite breeding lines w i l l significantly enhance the
performance of cult ivars based on those l ines, the benefits
of these Q T L s are unl ike ly to ever reach farmers' f ields.
Three topcross pol l inator populations (TCPs) were
developed by selecting and inter-mating individual genotypes
f rom w i th in the F2:4 mapping fami l ies of a pearl mi l le t
populat ion used for mapping Q T L s for drought tolerance
(Fig. 1). The three TCPs produced were selected according
to the fo l l ow ing methods and cri teria:
• Marker-assisted selection: genetic composit ion at the
drought tolerance Q T L (to constitute a MAS-based
TCP) ;
• Phenotypic selection: f ie ld performance (best 16) in
the drought trials used to ident i fy QTLs (to constitute a 
phenotype-based TCP) ; and
Figure 1. The scheme used to test marker-assisted selection for
pearl millet QTLs controlling drought tolerance using topcross
pollinators. Topcross pollinators based on phenotypic and
random selections are controls for the pollinator based on
marker-assisted selection.
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Figure 2. Grain yield performance of pearl millet hybrids made
between three topcross pollinators and male-sterile line ICMA
92777 in a range of summer season drought nursery moisture
environments, ICRISAT 2001.
• A random contro l : a random sample f rom w i th in the
mapping populat ion (to constitute a random TCP) .
The three TCPs were subsequently used as pol l inators
on 12 A- l ines (male-steri le l ines) to produce topcross
hybrids, as shown in Figure 1. Compared to hybrids of the
phenotype and random TCPs, the M A S T C P hybrids had
better drought tolerance indices and grain yields (F ig . 2)
in the drought-stress environments, although they had a 
lower yields in the irrigated control environment. Selecting
s imply on the basis of f ield performance under drought
was ineffective, but M A S was able to produce improvement
in this character, wh ich is notor iously d i f f i cu l t to breed
for using conventional methods.
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At a t ime when most of the wor ld sti l l v iewed molecular
technology as a luxury , for use on ly w i t h major staple
crops, a D F I D - J I C - I C R I S A T project anticipated as early
as 1991 the appl icat ion of molecular diagnostics in the
breeding of orphan crops for developing countries.
The f irst molecular marker-based genetic l inkage map
of pearl mi l le t [Pennisetum glaucum (L.) R. Br.] was bui l t
w i th restriction fragment-length polymorphisms (RFLPs) ,
the marker system of choice in the early 1990s (L iu et al .
1994). This map has served as the base for subsequent
pearl mi l let marker-based studies at J1C (Busso et al .
1996, 2000; Devos and Gale 2000; Devos et al . 2000; L i u
et a l . 1996, 1997). The R F L P f ramework in the consensus
map now available (F ig . 1, see pages 18 -19 of this issue)
is based on 173 (out of 500 available) mapped PstI
genomic clones f r om inbred l ine T i f t 2 3 D B , wh ich has
now become the base genotype for pearl mi l le t molecular
genetics. The clones are available as D N A or, in some
cases, as D N A sequences, and have been distr ibuted
freely wor ldwide .
I C R I S A T was able to bu i ld one of the very early
molecular marker faci l i t ies in the C G I A R system in the
early 1990s, and has used this faci l i ty for pearl mi l le t
diversi ty assessment (Bhattacharjee et al . 2002), mapping
populat ion skeleton map construct ion (Azhaguvel 2 0 0 1 ;
Kolesnikova-Allen 2001), and marker-assisted backcrossing
(Sharma 2001). The markers and maps have also been
used at C A Z S and IGER in the U K , Universi te d 'Orsay in
Paris, and T i f ton in the U S A , to map and tag genes
contro l l ing important traits in the pearl mi l le t crop. These
include downy mi ldew resistance (Jones et al . 1995 and
2002; Azhaguvel 2 0 0 1 ; Ko lesn ikova-Al len 2001), fo l iar
disease resistance (Morgan et al. 1998), drought tolerance
(Yadav et a l . 2002), plant height (Azhaguvel 2001),
f lower ing t ime, and the mul t ip le phenotypic changes mat
occurred when pearl mi l le t was domesticated - the so-
called 'domestication syndrome' (Poncet et al. 2000, 2002).
Molecu lar marker technologies have moved on,
part icular ly w i th the development of the polymerase
chain reaction (PCR) that al lows the rapid and inexpensive
ampli f icat ion of small quantities of D N A precisely targeted
to known regions. The ampl i f icat ion commences f rom
small lengths of D N A of known sequence known as primers.
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